This study aims to investigate failure mode response of woven natural kenaf/epoxy composite hexagonal tubes subjected to an axial and lateral quasi-static crushing test. The hexagonal composite tubes were prepared by the hand lay-up technique using a variety of hexagonal angles 40 ο , 50 ο , and 60 ο . The result showed that hexagonal composite tubes under an axial compression test exhibited few failure modes such as, the transverse crack failure mode. Splaying failure mode and local buckling failure mode respectively, whereas the tubes under lateral test only exhibited longitudinal fracture Key Engineering Materials
Introduction
Most recently, natural fibers as reinforcement materials for polymer composites to replace synthetic glass fibers has gained popularity in engineering applications due to increasing environmental concern [1]. Kenaf, Flax, hemp, jute, sisal, and bamboo are the most popular reinforcement materials in bio-composites because they are cost-effective, have low density with high specific strength and stiffness, and are readily available [2] [3] [4] To date, there have been several of published studies available concerning the axial crushing and lateral responses and crushing behavior of NFRP structures. Such as, Eshkoo et al [5] Observed different failure modes on axial crushing capability the effect of the trigger mechanism. Two stages of failure mechanism were concluded such as (i) tears onset and (ii) tear propagation, which included progressive buckling and delamination. The composite tubes exhibited only progressive. Bartosz et al [6] carried out an experimental investigation to study the behavior of axially crushed hemp yarns/epoxy composite tubes. Five fiber orientation angles of designed winding orientations of 10°, 30°, 45°, 60° and 90° were studied. Four compression collapse modes were observed for the tested NFC tubes, namely micro -buckling, diamond shape buckling, concertina shape buckling and progressive crushing.
Very few studies have been conducted to investigate the failure modes of natural fibre reinforced polymer composite materials [7] [8] [9] . Therefore, the current work focuses on using kenaf fiber due to the good mechanical properties and widely commercially availability of this material. The effects of the hexagonal side angle, on the failure mechanism of kenaf fiber, reinforced epoxy hexagonal tubes have been investigated.
Materials
The non-woven kenaf fiber (Mat) was obtained from (IBSB) Innovate Pultrursion Sdn.Bhd, Malaysia. The mixture of hardened epoxy (D.E.R. ™ 331™) was gained from Dow Chemical Pacific Singapore via Tazdiq Engineering Company, Malaysia in which used throughout this study, the material and final specimen are shown in fig 1.
Fabrication Method
The wet hand lay-up method was used to produce a kenaf fiber /epoxy Hexagonal composite tube. The hand brush was used to distribute the resin through the Non¬-woven kenaf causing resin impregnation. This was followed by the appliance of wet fiber to the hexagonal wooden mold to create the hexagonal shapes as shown in figure 2 . A layer of wax covered the outer surface of the mandrel in order to make it easier to extract the hexagons from the mandrel to get thickness of approximately 8 mm. The fabricated tubes were established at Room Temperature to get optimum stiffness and shrinkage the structure left for 48 hours to avoid the void content and bulbs between hexagonal layers. More details about experimental set-up and compression test have been published in material & design journal earlier work [10] . 
Result and discussion
The failure mechanism is a significant factor to evaluate the crashworthiness of the composite structure. The crushing behavior of hexagonal composite tubes was found to be sensitive to the change in the hexagonal angle, for both axial and lateral test .A main observed failure modes in an axial test are 40˚, 50˚and 60˚, the transverse crack failure mode. Splaying failure mode and local buckling failure mode respectively. On another hand, for the lateral test the longitudinal fracture were observed four fracture line seen clearly for all tube sides as shown in fig 3. The crack lines are formed totally on the top side of the tube. One of the fracture lines are established in the interface area between the tube and the flat plates.
As shown in fig 4, progressive failure mode starts at the top end of a hexagonal tube. As a further structural deforms local loading occurs, which causes the increase of the load Furthermore, in this failure mode of the structure remained intact without splitting debris after being crushed and thus 8
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destroying the integrity of the post-crushing. This type of failure mode is mainly observed for specimens made of the hexagonal tube made from kenaf fiber /epoxy with side angle 60 ο under axial compression test. In this second type of mode, the crushing process along cracked of specimens and broken longitudinal fibers was observed as shown in fig 3. Moreover, the crushing progresses, the stress concentration in the crush zone increased. Due to of the elastic properties of constituent materials began to be insulted continuously. When the load exceeds the strength of a solid matrix, the matrix cracking occurs. Furthermore, reducing the mechanical properties in the region was destroyed affecting adjacent regions and accelerates Mode-III is associated with a brittle fracturing crushing and splaying mode. Immediately after the crush proceeds the middle of the hexagonal starts to fracture and split in small debris. The split debris disintegrated from the structure and flied in space. In this case, the structure lost its integrity during the post-crushing stage. Figure 5 . illustrate this type of failure mode. Fracturing and forming of small debris at the top of a specimen may be attributed to the combination of coir fiber physical properties and the extreme increase in hexagonal side angle. 
